Pseudorabies virus (PRV) is a porcine herpesvirus that establishes latent infections in trigeminal ganglia. To determine whether PRV expresses any transcripts that could play a role in latency, the trigeminal ganglia of 14 pigs previously inoculated through the nose and latently infected with PRV(Ka) were assayed by in situ nucleic acid hybridization for the presence of PRV-specific RNA. Hybridizations employing probes encompassing the entire viral genome revealed that an area extending from 0.64 to 0.82 map units was transcriptionally active. The DNA probe that most consistently detected transcripts was BamHI-8, a fragment which contains the gene for the immediate-early protein. With this probe, ganglia from 10 (71%) of 14 pigs scored positive for PRV RNA, although only 1 (8%) of 12 of the ganglia from the opposite side reactivated virus after explantation and culture of latently infected trigeminal ganglia. The RNA was transcribed from the strand opposite to that coding for the immediate-early protein; the signal was neuronally localized, with dense nuclear accumulation accompanied by variable numbers of grains over the cytoplasm. Northern RNA blot analysis showed that a discrete set of poly(A)-PRV transcripts were present in latently infected trigeminal ganglia. Additional in situ nucleic acid hybridization analysis revealed that the 3' limit of the transcriptionally active area was located in a 1.2-kilobase fragment upstream and adjacent to the 5' end of the immediate-early protein RNA, whereas the 5' limit was as much as 4.9 kilobases downstream from the 3' end of this RNA. PRV therefore expresses latent-phase transcripts that, although similar in many respects to latent-phase transcripts reported for other herpesviruses, have some unique properties.
One of the most important properties of neurotropic herpesviruses is their capacity to establish latent infections in the nervous system (22) . After local or generalized stimuli these viruses can reactivate, produce disease in the host, and spread to additional individuals. To control such recurrences, an understanding of the phenomena involved with establishment, maintenance, and reactivation of the latent state is essential.
Recent studies in this laboratory and others have defined the areas of the herpes simplex virus type 1 (HSV-1) genome that are active during latency. In the nuclei of ganglionic neurons of mice (20, 24) , rabbits (16) , and humans (6, 10, 23) latently infected with HSV-1, RNA transcripts have been detected that are opposite in sense to the RNA for the HSV-1 immediate-early protein ICPO. These transcripts, termed latency-associated transcripts (LATs), are poly(A)-RNAs 2.1 and 1.5 kilobases (kb) in length (26, 27) . LATs with some of the same properties have also been found in rabbits latently infected with bovine herpesvirus type 1 (BHV-1) (14) . Varicella-zoster virus also expresses transcripts during the latent state, but there is controversy relative to the identification of cells harboring latent DNA. In supporting cells the transcripts are not restricted to the immediate-early regions of the viral genome, and some appear to be complementary to transcripts detected in acutely infected tissue culture cells (4) . Taken together, the transcripts present in these tissues can be considered to be markers for latency; in the case of HSV-1, some portion of * Corresponding author. the transcriptional unit is involved in facilitating reactivation from the latent state (8, 11, 19, 21) .
Early studies of pseudorabies virus (PRV) indicated that virus-specific RNA was not present in latently infected neurons (1) , although PRV-specific DNA is abundantly present (7, 17) . More recently, however, in studies in which in situ nucleic acid hybridization utilizing a whole genomic probe was employed, transcripts have been found (15) , and RNA has also been detected by Si nuclease analysis (2) . This report confirms and extends these observations by further characterization of PRV gene expression during latency. Employing both in situ nucleic acid hybridization and Northern RNA blot technologies, we analyzed expression of the PRV genome latent in swine trigeminal ganglia, and we partially characterized the transcripts found. We report here that latent PRV expresses transcripts that, although they are similar in many respects to the HSV-1 LATs, are expressed from a much larger area of the genome. In vitro recovery of virus. Two methods were used to reactivate virus from explanted ganglia. In the first experiment, tissue specimens obtained from six latently infected animals were cocultivated in 10% newborn calf serum-5% fetal calf serum on RK13 cells at 37°C. Every other day, one-half of the medium was removed and replaced with fresh medium. Cells were periodically checked for the appearance of plaques. Ganglia were removed and placed on new cell monolayers every week and cultivated for 40 days or more. In the second experiment, six ganglia were placed in 2 ml minimal essential medium plus 10% newborn calf serum and 200 mM dimethyl sulfoxide and placed at 37°C. Every other day a sample of the medium was plated on RS cells, and plaques were scored. This method has been reported to be a more sensitive assay than explant cocultivation on indicator cells in the absence of dimethyl sulfoxide (28) . As a positive control for the assay systems, lumbosacral ganglia from mice latently infected via scarified rear footpads with HSV-1 strain KOS(M) (24) were tested concurrently with swine trigeminal ganglia in explant culture under identical conditions.
MATERIALS AND METHODS
In situ nucleic acid hybridizations. In situ hybridizations were performed on frozen, cryostat-cut trigeminal ganglia tissue from latently infected, acutely infected, and uninfected pigs. The protocol was the same as previously reported (25) . Tritiated double-stranded DNA probes were generated by nick translation (24) 
RESULTS
In vitro recovery of virus. Of ganglia from 12 pigs cultivated in vitro to induce reactivation, only one produced virus; this was at 8 days after explanation. This ganglion was one of six tested in experiment 2 and was positive when cultivated in 200 mM dimethyl sulfoxide. None of the other ganglia was positive, although ganglia from mice latently infected with the HSV-1 strain KOS and cultivated at the same time and under identical conditions were all positive when tested with this assay system. This result indicates that in vitro-induced reactivation is not easily accomplished with this virus strain. Proving that the entire viral genome is present and biologically active is impossible at this juncture, but we have detected viral DNA with probes specific for areas outside the transcriptionally active area (data not shown). Potential reasons for our inability to detect infectious virus with in vitro cocultivation techniques are discussed in greater detail in the Discussion.
Genomic area transcribed. Sections from trigeminal ganglia presumed to be latently infected were treated with DNase to detect RNA and incubated with individual 3H-labeled BamHI fragments from the PRV(Ka) genome. Most of the fragments in the unique long region did not hybridize, and no part of the unique short region hybridized (Fig. 1) . Several fragments in the repeat regions did hybridize, however, and the signal was present only over neurons. In terms of grains per neuron, fragment 8 gave the strongest positive signal. Fragments 8' and 5, which flank fragment 8 in the internal repeat short region, also hybridized, although the signal was much weaker and was detected in fewer neurons. Unexpectedly, fragments 14 and 6 were also positive, and fragment 14, which spans the joint region between internal repeat short and unique long sequences, hybridized almost as strongly as did fragment 8 . Similar results have recently been reported by Lokensgard et al. (12) . Fragment 6, which is located in the unique long region near the internal repeat short sequence, was positive in only a few, rare neurons and gave a very weak signal. In sum, the signal was detected with probes that extend from 0.64 to 0.82 map units, an area of approximately 24.9 kb.
To determine the number of latently infected ganglia expressing transcripts, slides of individual latent trigeminal ganglia samples were treated with DNase and hybridized with a double-stranded DNA 3H-labeled BamHI-8 probe.
The BamHI-8 fragment was chosen not only because it contains the entire coding region of the only PRV immediateearly protein (IEP) (9) and it is the IE protein-coding regions that are active during HSV-1 (24) and BHV-1 (14) latency, but also because it was the fragment that had hybridized most strongly in the initial in situ hybridization studies. Of 14 ganglia tested, 10 (71%) were strongly positive for RNA from this IEP region. The signal was restricted to neurons and was mostly concentrated in the nucleus, although there was also substantial cytoplasmic signal (Fig. 2) . These 10 positive ganglia were used in the in situ nucleic acid hybridization studies described below.
Direction of transcription. Since LATs in other systems localized to the immediate-early regions of the viral genome have been transcribed from the DNA strand opposite to that encoding the immediate-early genes (14, 24) , we determined the direction of transcription of the RNA originating from this area of the genome in PRV(Ka). A BamHI-8-derived clone (P7) in the Bluescript vector was transcribed with T3 or T7 RNA polymerase, generating ssRNA probes specific for IEP RNA and its complement. These probes were used in an in situ hybridization analysis of ganglia previously found to be expressing transcripts as detected by the BamHI-8 fragment. Only the probe that detected transcripts originating from the strand opposite to that which transcribes IEP was positive (Fig. 3) (24) . No signal was ever detected by the probe specific for the IEP transcript (Fig. 3) (25) and probed with a 32P-labeled riboprobe, P7-T3, which is specific for RNA complementary to IEP RNA, the same pattern was observed (Fig. 4) . In addition, hybridization occurred only in the poly(A)-fraction (Fig. 4) . Although these transcripts share sequences (they were detected with the same probe), we do not yet know the extent of the overlap. Regions outside of the BamHI-8 fragment as well as within it were subcloned into Bluescript, and ssRNA probes generated from each of these clones were used in in situ nucleic acid hybridization analysis on latently infected ganglionic tissue. Only RNA complementary to IEP RNA could be detected (probes Ilc through VIIc and P7-T3); no signal was ever detected with IEP-specific probes (Fig. 5) . The 3' end of this RNA fraction is localized within the IIc clone; both strands of the probe immediately preceding it were negative. This area lies within a 1.2-kb region upstream of the 5' end of IEP in the BamHI-5 fragment. The 5' end has been more difficult to localize. All subclones of BamHI-8, KpnI-E, and SalI-1 derived from the area downstream of the 3' end of IEP have given a positive signal. The 5' end of these RNAs is at least 4.9 kb from the 3' end of IEP but cannot extend beyond the BamHI-6 fragment, since no hybridization was detected with BamHI-3, which is immediately upstream of . Taken together with the experiments summarized in Fig. 1 , the data from these studies indicate that the area transcribed is at least 11 kb in length and suggest that splicing may be occurring, since no transcripts this long were detected on Northern blots. Alternatively, different transcriptional start sites may be used to produce the various transcripts detected here. BamHI-8 fragment, which is transcribed from the strand opposite to that coding for IEP. This transcript is found only in neurons and, although mainly restricted to the nucleus, is also present in the cytoplasm. The 3' limit of this transcript is located within a 1.2-kb fragment upstream and adjacent to the 5' end of IEP, whereas the 5' end is located as much as 4.9 kb downstream of the 3' end of IEP. Although this would indicate an RNA of roughly 11 kb in size, Northern blot analysis of latently infected pig ganglia indicates that the virus-specific RNA present is smaller than this.
These PRV RNAs have several characteristics in common with the LATs described for HSV-1 (22, 24) . The HSV-1 LATs consist of 2.1-and 1.5-kb poly(A)-RNA species that are derived from a larger transcript (5 
